ABSTRACT The purification of a growth factor from bovine pituitary glands that controls the divisiop of an ovarian cell line maintained in tissue culture is reported. Extraction of bovine pituitary glands at pH 4.5 followed by ammonium sulfate precipitation, chromatography on carboxymethylcellulose, and gel filtration on Sephadex G-50 gives yields of ovarian growth factor of about 7 mg/kg of glands. Contamination by other pituitary hormones was not detected. The preparation obtained has been characterized with respect to biological activity, molecular weight, and amino-acid composition. The implication of this growth factor in the development of ovarian tumors is discussed.
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We have reported the isolation of a rat ovarian cell line whose growth in vitro is markedly stimulated by partially purified bovine luteinizing hormone (LH, preparation NIH-LH-B7) when the cells are maintained in medium devoid of LH (1, 2) . We have shown that NIH-LH-B7 obtained from the Endocrine Study Section, National Institute of Arthritis and Metabolic Diseases, could replace the growth factor(s) removed from serum by immunoadsorption (2) . It was not clear that the growth stimulation was due to NIH-LH, since the concentrations required were much higher than those observed in vivo and since pure ovine LH prepared as described by Gospodarowicz (3) had no growth stimulating effect. We concluded that the mitogen was a factor in NIH-LH-B7 other than LH.
We are reporting the isolation from bovine pituitary glands of an ovarian cell growth factor (OGF) and presenting evidence which allows us to conclude that it is distinct from known pituitary hormones.
MATERIALS AND METHODS
Matrial. Bovine pituitary glands were obtained from Endocrine Research Supply (San Mateo, Calif.). Carboxymethyl-cellulose (CM-cellulose) was from BioRad (Richmond, Calif.), and Sephadex G-50 was obtained from Pharmacia (Piscataway, N.J.).
Assays. Bioassays based on the ability of the different fractions to stimulate the growth of an ovarian cell line will be described elsewhere (4) . Bovine NIH-LH-B7 has been taken as reference standard. Follicle stimulating hormone (FSH) activity was determined by the Steelman and Pohley Abbreviations: LH, luteinizing hormone; OGF, ovarian cell growth factor; FSH, follicle stimulating hormone; TSH, thyroid stimulating hormone; CM-cellulose, carboxymethylcellulose; SDS, sodium dodecyl sulfate. 2295 assay (5), thyroid stimulating hormone (TSH) activity by the McKenzie assay (6) , adrenocorticotropin activity by the Saffran and Schally assay (7), melanocyte stimulating activity by the in vitro frog skin assay (8) , lipolytic activity by the release in vitro of free fatty acids from isolated white adipocytes from mice (9) , and the LH activity by the ovarian ascorbic-acid depletion test (10 Davis (13) and at pH 4.5 as described by Reisfeld et al. (14) . Twelve percent acrylamide gels were run at pH 8.5 The procedure used to obtain each fraction is described under ResuUs. The ovarian growth factor activity is assayed at two NIH-LH-B7, 1.0 ;g/ml. (15) and modified by Gospodarowicz (16) using 15% acrylamide gels. Reduction and alkylation of the samples has been described elsewhere (16) .
RESULTS
Purification of the OGF. Unless otherwise indicated, all operations were performed at 0-5°. Two kilograms of frozen bovine pituitaries were homogenized in a Waring Blendor in the presence of 4 liters of 0.15 M (NH4)2SO4. The suspension was stirred for 2 hr. Centrifugation at 9000 rpm (Sorvall RC2B centrifuge with GSA rotor) for 20 min removed the residue. The supernatant was then adjusted to pH 3.0 by the addition of freshly prepared 0.5 M HPO3, resulting in the formation of an inactive, highly pigmented precipitate. This precipitate was removed by centrifugation and the supernatant was adjusted to a pH of 6.5-7.0 by the addition of 1 N NaOH. Addition of (NH4)2SO4 (290 g/liter) produced a precipitate which was collected by centrifugation and which contained most of the LH. Little OGF activity was present in this fraction. More (NH4)2S04 (250 g/liter) was added to the supernatant, precipitating OGF activity. This precipitate was collected by centrifugation and the supernatant discarded. The precipitate was dissolved in cold distilled water and dialyzed against water for at least 24 hr before being lyophilized. The yield at this stage was 3.7 g of protein per kg of pituitary tissue (OGF-A). A scheme of these preliminary steps as well as the growth observed with the fractions is shown in Fig. 1 cytochrome c marker, 12,400 ( Fig. 2A) . This zone was not present when F4, which contained low OGF activity, was chromatographed under the same conditions (Fig. 2B) . When the zone containing OGF activity was rerun under the same conditions a major peak was found. This was dialyzed and lyophilized to obtain the final product. It has been observed that, when the OGF is stored during long periods of time, the electrophoretic pattern of the purified OGF shows minor alterations. A second band which runs more slowly than OGF appears when OGF is submitted to electrophoresis at pH 4.5 (Fig. 2C) . This corresponds to a band which has a lower molecular weight than the OGF when submitted to electrophoresis in the presence of SDS (Fig. 3) . One may interpret that band as a contaminant, in which case the purity of the OGF based on acrylamide pattern willibe on the order of 90%. But since this band appears more pronounced after storage of the OGF in the dry state, it may also be a degradation product of OGF, as suggested by its lower molecular weight. The final yield of ovarian growth factor averaged 7 mg/kg of glands. Table 1 shows the biological activity of several intermediate fractions in the purification.
Properties of the OGF. The purified ovarian growth factor migrates as a single major component on polyacrylamide gels both at pH 4.5 (Fig. 3) and when electrophoresed in the presence of SDS (Fig. 3) . The mobility of the OGF in SDSpolyacrylamide gels relative to other standard proteins suggests a molecular weight of 13,400 and is in direct contrast with the apparent molecular weight observed by gel filtration on Sephadex G-50, which suggests a molecular weight of less than 12,400 (Fig. 2) . Since the OGF is a basic peptide and since Sephadex contains some carboxyl groups, it is likely that OGF chromatographs by ion exchange as well as molecular sieving on Sephadex G-50 at pH 6.9. The amino-acid composition of OGF (Table 2) shows a marked difference when compared to that of other growth factors, such as epithelial growth factor (17) or nerve growth factor (18) . The basicity of the OGF is reflected in its high content of lysine and arginine. No glucosamine or galactosamine could be detected. Bioassay of different hormone activities (Table 3) shows that it is free of contamination by other known pituitary hormones. Since OGF activity was first observed with NIH-TSH and NIH-LH preparations (1, 4) , the absence of these activities in the final OGF preparation is of particular interest. This is further confirmed by comparing the electrophoretic pattern of bovine NIH-LH-B7 and of OGF on polyacrylamide gel at pH 4.5 (Fig. 3) . OGF migrates faster than LH (19, 20) . It was originally suggested (19, 20) that the development of such tumors is induced by elevated levels of LH and FSH.
We have noted that neither highly purified LHI (1) (21, 22) and since increased cyclic AMP has been associated with inhibition of cellular division (23) (24) (25) (26) (27) (28) . When bovine luteal cells are maintained in tissue culture (29) When the ovarian growth factor is compared to somatomedin (34, 35) or a growth factor acting on fibroblasts (36) , a number of similarities are found to exist. All three proteins are characterized by a high isoelectric point as seen from their behavior on ion exchange chromatography and on acrylamide gel electrophoresis. When chromatographed on Sephadex G-50 or G-75 they elute in a position which suggests a molecular weight of 8000. In the case of OGF this may reflect retardation on the column due to secondary, ion exchange effects. The same may also apply to the fibroblast growth factor of Dulak and Temin (36) .
It should also be pointed out that while we have purified a growth factor with OGF activity, it is by no means the only one present in the pituitary gland, as evidence from our data as well as that of others (28) (29) (30) . We have been able to detect growth activity for glial cells in the pituitary (Gospodarowicz, unpublished observation) and have identified a fibroblast growth factor (37 
